Abstract: The slow group-velocity pulse in fiber described by nonlinear Schrö dinger equation were demonstrated and investigated extensively. We derive a more generalized nonlinear Schrö dinger equation as the superposition of monochromatic waves and numerically study the propagations of 2.5-fs fundamental and 5-fs second-order solitons. It is found that, for a slow-group velocity fiber, the magnitude of time shift is related with the group velocity and the more generalized NLSE is more suitable than the conventional generalized NLSE. When the pulse is slow down to 50% of normal group velocity (c=n 0 ), the effect of the higher nonlinear terms is significant.
Introduction
The versatile nonlinear phenomena described by the nonlinear Schrö dinger equation (NLSE) were widely investigated. The optical solitons maintain its shape unchanged after propagating long distance under the balance of group velocity dispersion (GVD) and self-phase modulation (SPM) [1, 2] . For higher order nonlinear terms, the pulse edge arises because resulting from the term associated with an intensity-dependent group velocity. It could be realized as self-steeping phenomena [3] [4] [5] [6] , which processes a temporal pulse distortion and asymmetry in pulse spectrum. It can develop optical shock, understood as an extremely sharp in tailing edge.
Novel phenomenons of pulses slowing down are extensively investigated in various topics of physics, such as resonant active medium, Bose-Einstein condensation medium and periodic structure medium etc.. They would be roughly cataloged as the nonlinear processes of interaction between the pulse and medium. Therefore, we investigate the slow light based on the NLSE and study the propagation characteristic of nonlinear pulse in slow-group medium.
An accurate wave equation beyond the slowly varying envelope approximation for femtosecond soliton propagation in an optical fiber [7] was suggested. The derived equation contains higher nonlinear terms than the generalized nonlinear Schrö dinger equation obtained previously. The optical shock terms are corrected and associated with group velocity. For a slowgroup velocity fiber, the validity of the conventional generalized NLSE becomes questionable.
In this paper, we investigate the propagation of ultrashort pulses along the slow-group velocity fiber. We derive a more generalized nonlinear Schrö dinger equation as the superposition of monochromatic waves [8] and numerically study the propagations of 2.5-fs fundamental and 5-fs second-order solitons. For a slowgroup velocity fiber, the phenomenon of the propagation pulse is different for different group velocity and the more generalized NLSE is more suitable than the conventional generalized NLSE. When the pulse is slow down to 50% of normal group velocity (c=n 0 ), the effect of the higher nonlinear terms is significant.
Derivation of propagation equation
We derive the propagation of the ultrashort light propagation with third-order nonlinearity based on scalar electric filed Eðt; zÞ in one dimension: 
Expanding bðwÞ about w 0 and correcting to the mth order,
Expanding and simplifying eq. (6) about Dw, 
We use the iteration method to derive the wave equation beyond the slowly varying envelope approximation (SEVA) [9] . The iteration method only modified the nonlinear terms, which higher than the last terms in eq. (9) . It is verified that this terms could be negligible for 2.5-fs fundamental soliton by using finite difference time domain method [7] . Normalizing eq. (9) 
u ¼Ẽ EðDw; zÞ ; rðtÞ ¼ RðtÞ
wðt; zÞ ¼Ẽ Eðt; zÞ
, n 2 is the nonlinear refractive index. The relation of a 1 and a 2 to b 1 is shown in fig. 1 . We obtain the more generalized nonlinear Schrö dinger equation with more nonlinear terms. The coefficient a 1 and a 2 is corrected and different with the NLSE, we conventional used. The factor of the steepening effect a 1 also describes the Stokes losses associated with the material excitation during the Raman self-scattering process. In the conventional condition, carry frequency of the propagation waves far away resonant frequency of the dipole. It makes the constraint 
Numerical result and discussion
The fiber parameters used to numerically solve eqs. (10) and (11) To show the validity of the propagating phenomenon described by the more generalized NLSE for the slow-group velocity fiber, we simulate the propagations of 2.5-fs fundamental and 5-fs second-order solitons without the third-order dispersion and without Raman effect. The power evolution of pulse shapes for the different group velocity v g ¼ 1=b 1 over 10Ld along the slow-group velocity fiber simulated by using the more generalized NLSE (eq. (10)) and conventional generalized NLSE (eq. 
